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) A plasma reactor for carrying out plasma 
processing of a semiconductor substrate (130) 
includes a vacuum cliamber (100, 110) includ- 
ing apparatus (170) for introducing a gas Into 
the interior thereof, an induction coil (140) en- 
circling a region of the vacuum chamber (100, 
110), the ooil (140) being connected across an 
RF power source (150), and an electrode (180) 
positioned adjacent the region and connected 
to the RF power source (150) for capacitively 
coupling RF power to the gas in tiie interior of 
the vacuum chamber. The electrode (180) has a 
surface area facing the region which is large 
enough to provide capacitive coupling of RF 
power to the gas in the region sufficient to 
facilitate igniting a plasma, but which is small 
enough so that, during steady-state mainte- 
nance of the plasma, most of ttie RF power 
coupled to the plasma from the RF power sour- 
ce (150) Is coupled inductively rather than 
capacitively. 
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BACKGROUND OF THE INVENTION 

Technical Field: 

The invention is related to inductiv ly coupled 
plasma processing reactors of the typ employed in 
semiconductor wafer fabrication, and in particular to 
apparatus for reliably igniting a plasma in such a re- 
actor to can-y out semiconductor wafer plasma proc- 
esses which are best carried out at very low pres- 
sures (for example, processing pressures below 13.3 
Pa (100 millitorr) and as low as on the order of 0.06 
Pa(O.SmiHitorr)). 

Background Art: 

Physical vapor deposition processes are best 
carried out by first performing a "pre-dean" eteh step 
in which the surface to receive the deposition is etch- 

d, preferably with an Argon plasma sputter etch 
process. In such a process, the etch is carried out by 
Argon ions in the plasma bombarding or sputtering 
the surface to be cleaned. The etch rate Is directly re- 
let d to the ion density of the plasma, and requires 
V ry high ion densities in order to achieve reasonable 

tch rates, since inductively coupled plasmas provide 
the highest ion densities, such etoh processes are 
typically carried out with inductiv^y coupled plasma 
r actors. In an inductively coupled plasma reactor, 
plasma ion density is maximized by operating at a 
v ry tow pressure regime, typically between 0.06 Pa 
and 13.3 Pa (0.5 and lOOmillftorr). Forthe Argon plas- 
ma sputter etch process mentioned above, the ideal 
pressure is about 0.06 Pa (0.5 miliiton-). Other plasma 
processes which are best carried out at low pressure, 
e.g., between 0.1 3 Pa and 13.3 Pa(1 millitorr and 100 
millitorr), include polySillcon etching, metal etching, 
oxide etching and high density plasma chemical va- 
por deposition. 

Ignition of a plasma is unreliable in a typical in- 
ductively coupled plasma reactor because it is diffi- 
cult to couple to the plasma an ignition voltage high 
enough to excite the plasma. Specifically, very low 
chamber pressures, typically about 0.06 Pa (0.5 mil- 
litorr), are necessary to achieve high plasma density 
in the region adjacent the semiconductor substrate 
and to maximize anisotropy of the sputter etch, but 
the voltage necessary to ignite the plasma undesire- 
ably increases with decreasing chamber pressure. 

Unfortunately, in an inductively coupled plasma 
reactor the very low chamber pressure and the lack 
of capacitive coupling make it very difficult to ignite 
a plasma in the chamber. FIG. 1 is a graph of break- 
down voltage required to ignite a plasma as a function 
of vacuum chamber pressure for a discharge length 
of about 1.0 cm. This graph indicates that the opti- 
mum pr ssure for plasma ignition is on the order of 
about 66.65 Pa (500 millitorr), and that below 53.32 



Pa (400 millitorr) the br akdown voltage incr ases 
very fast as pressure is reduced. At the low pressure 
(i.e., 0.06 Pa (0.5 millitonr)) required for argon sputter 
etching, the requir d br akdown voltag may be 

5 dose to or even exceed the capacity of th RF power 
source of the induction coil, making plasma ignition 
unreliable. As a result, it may be necessary to mak 
several att mpts to ignite a plasma, gr atly reducing 
the productivity of the plasma reactor. 

10 FIG. 2 illustrates an inductively coupled plasma 
reactor of the prior art useful for argon plasma sputter 
etch processing having a cylindrical induction coil 10 
around a cylindrical quartz reactor chamber 20 and lid 
30, one end 10a of the coil being connected to an RF 

15 source 40 through a suitable RF matching network 
and the other end IDb being grounded. Plasma igni- 
tton relies upon the electrical potential between the 
liot" end 10a of the coil 10 and the nearest grounded 
conductor in the chamber, such as the wafer pedestal 

20 35. Thus, the discharge length is the distance be- 
tween the hot coil end 10a and the nearest surface of 
the wafer pedestal 35. 

A conventional technique for meeting the power 
requirement for plasma ignition is to connect an aux- 

26 iliary RF power source to the induction coil during 
plasma ignition, but this requires additional hardware 
and expense. 

Another conventional technique is to temporarily 
raise the chamber pressure when igniting the plasma 

30 and then, after the plasma is ignited, quickly reduce 
the chamber pressure to the desired processing pres- 
sure. However, pumping down the chamber pressure 
after plasma ignition (e.g., from 1 .33 Pa (10 millitonr) 
during ignition to 0.06 Pa (0.5 millitorr) after ignition) 

35 requires a significant amount of time, during which 
the etch process will be carried out at a higher than 
ideal pressure, thereby causing poor etch profiles. 
Also, the necessary time to pump down will adversely 
affect throughput of the etch reactor. 

40 Yet another conventional approach Is to tempor- 
arily increase capacitive coupling during ignition by 
applying RF power to the wafer pedestal. However, 
this tends to create a large spike in the D.C. bias on 
the wafer during plasma ignition, increasing the risk 

45 of wafer damage. 

U.S. Patent No. 4,91 8,031 discloses how to intro- 
duce a so-called Faraday shield between the entira 
induction coil 1 0 and the plasma in the reactor of FIG. 
2 (discussed above) and apply a separate electrical 

50 power source to the Faraday shield in order to control 
the electrical potential of the plasma or to ground the 
Faraday shield In order to suppress capacitive cou- 
pling by shielding the plasma from electric fields. A 
disadvantage of this technique is that it either unduly 

55 increases capacitive coupling to the plasma if used to 
increase the plasma potential, thereby reducing the 
control over ion energy, or else, if grounded, it cuts off 
whatever capacitive coupling from the induction coil 
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may xist, thereby making plasma ignition (ess reli- 
abl or more difficult 

Accordingly, there is a n ed to perform reliabi 
plasma Ignition for low pressure plasma processing 
without r quiring a temporary pr ssure increase or 
t mpomy RF power increase. 

SUMMARY OF THE INVENTION 

The invention is defined by the features of daims 
1 and 24, respectively. 

In particular, a plasma reactor for carrying out 
plasma processing of a semiconductor substrate in- 
cludes a vacuum chamber Including apparatus for in- 
troducing a gas into the interior thereof, an induction 
coil encircling a region of the vacuum chamber, the 
coil being connected across an RF power source, and 
an electrode positioned adjacent the region and con- 
nected to the RF power source for capacitively cou- 
pling RF power to the gas in the interior of the vacuum 
chamber. The electrode has a surface area facing the 
region which is large enough to provide capacitive 
coupling of RF power to the gas in the region suffi- 
cient to facilitate Igniting a plasma, but which is small 
enough so that, during steady-state maintenance of 
the plasma, most of the RF power coupled to the plas- 
ma from the RF power source is coupled inductively 
rather than capacitively. 

The surface area of the electrode is large enough 
to provide capacitive coupling sufficient to achieve 
plasma ignition at a much lower chamber pressure 
and/or RF power level on the induction coil than would 
be required without the auxiliary electrode, but prefer- 
ably the surface area is no larger than necessary to 
achieve such a result. Preferably, the surface area is 
targe enough so that plasma ignition can occur when 
either (or both) (a) the chamber pressure is the same 
or slightly greater than that used during plasma proc- 
essing of the wafer or (b) the RF power level is no 
greater than that used during plasma processing of 
the wafer. Specifically, at a power level on the order 
of 225 Watts, we have found that our auxiliary elec- 
trode enables plasma ignition to reliably occur when 
the chamber pressure is below 13.3 Pa (100 millitorr) 
and in some cases as low as 0.06 Pa (0.5 millitonr). 

Conversely, the surface area of the electrode 
preferably should be no greater than necessary to 
achieve plasma ignition at a desired reduced cham- 
ber pressure and/or reduced power level. Such mini- 
mizing of the surface area of the auxiliary electrode 
minimizes the diversion of RF power from inductive 
coupling to capacitive coupling, thereby avoiding an 
undue loss of plasma ion density during wafer proc- 
essing after plasma ignition. 

In a certain preferred embodiment of the inven- 
tion, the electrode is a conductive layer around the 
vacuum chamber. 



BRJEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Paschen curve or graph of breakdown 
voltage as a function of the product of vacuum cham- 
5 b r pressure and discharg length in a plasma reac- 
tor. 

FIG. 2 is a simplified diagram of an inductively 
coupled plasma reactor of the prior art having a cyl- 
indrical induction coil. 
10 FIG. 3 is a simplified cut-away side view of a por- 

tion of a plasma reactor embodying the present inven- 
tion. 

FIG. 4 is a perspective top view of a portion of the 
plasma reactor of FIG. 3. 
15 FIG. 5 is a schematic diagram of an equivalent 
circuit corresponding to the induction coil and auxili- 
ary electrode of the reactor of FIGS. 6 and 7. 

FIG. 6 is a graph of the induction coil RF power 
required to ignite a plasma in a reactor of FIG. 3 as a 
20 function of chamber pressure with power applied to 
the auxiliary electrode (dashed line curve) and with- 
out power applied to the auxiliary electrode. 

FIG. 7 is a simplified cut-away view of an embodi- 
ment of the invention having a cylindrical induction 
25 coil wound around a cylindrical vacuum chamber. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 Refemng to FIG. 3, an inductively coupled plas- 
ma reactor has a vacuum chamber including a dome 
shaped ceiling 100 of an Insulating material such as 
quartz, and a cylindrical side wall 110. The base of the 
dome rests on the top of the cylindrical side wall 110 

35 and has the same diameter as the cylindrical side 
wall. The reactor includes a wafer pedestal 120 for 
holding a semiconductor wafer or substrate 130 in the 
middle of the chamber for plasma processing. A gas 
inlet 170 supplies gas such as Argon to the interior of 

40 the vacuum chamber. An inductor coil or conductor 
140 is wound around the outside of the dome 100. A 
lower end 140a of the inductor coil 140 is grounded. 

An RF power source 150 can be connected 
through a conventional RF matching network, not 

45 shown. Alternatively, in the Illustrated preferred em- 
bodiment, the RF power supply is connected to a tap 
at a middle winding 140b of the inductor coil 140, and 
a capacitor 190 is connected across the inductor, the 
capacitor value being chosen to resonate with the in- 

50 ductor at the frequency of the RF power source 1 50. 
The position of the tap 140b is chosen to match the 
output impedance of the RF power source 150. RF 
power from the source 150 is inductively coupled to 
a plasma formed by ionizing the gas inside the va- 

55 cuum chamber. 

The wafer pedestal 1 20 supports an 20.32 cm (8- 
inch) wafer 130 in the middle of the vacuum chamber. 
The wafer pedestal includes conductiv mat rial and 
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may be either ground d (e.g., during plasma ignition) 
or connected toa bias RF powersourc 135tocontrol 
kin tic energy of the plasma ions near the wafer 130 
during processing. 

The preceding components of the plasma reactor 
are conventional. According to our invention, the 
chamber furth r includ s an auxiliary lectrod 180 
which enhances the reliability of plasma Ignition at a 
very low chamber pressure. The auxiliary electrode 
1 80 is connected to the top winding 140c of the induc- 
tion coil 140. The auxiliary electrode 160 capacitive 
couples RF power to gases inside the vacuum cham- 
ber to enhance plasma ignition. In the illustrated pre- 
ferred embodiment, the auxiliary electrode 180 is a 
thin conductive film deposited on the exterior surface 
of the dome 100. 

The electrode has a surface area facing the inter- 
ior of the chamber which is large enough to provide 
sufficient capacitive coupling of RF power to the ar- 
gon process gas to facilitate igniting a plasma, but 
which is small enough so that, during steady-state 
maintenance of the plasma, most of the RF power 
coupled to the plasma from the RF power source is 
coupled inductively rather than capacitively. 

The surface area of the auxiliary electrode 180 is 
large enough to provide capacitive coupling sufficient 
to achieve plasma ignition at a much lower chamber 
pressure and/or RF power level on the induction coil 
than would be required without the auxiliary elec- 
trode, but preferably the surface area is no largerthan 
necessary to achieve such a result. Preferably, the 
surface area is large enough so that plasma ignition 
can occur when either (or both) (a) the chamber pres- 
sure is the same or slightly greater than that used dur- 
ing plasma processing of the wafer or (b) the RF pow- 
er level is no greater than that used during plasma 
processing of the wafer. Specifically, at a power level 
on the order of 225 Watts, we have found that our aux- 
iliary electrode enables plasma ignition to reliably oc- 
curwhen the chamber pressure is below 13.3 Pa (100 
millitonr) and in some cases as low as 0.06 Pa (0.5 mil- 
litorr). 

Conversely, the surface area of the auxiliary 
electrode 180 preferably should be no greater than 
necessary to achieve plasma ignition at a desired re- 
duced chamber pressure and/or reduced power level. 
Such minimizing of the surface area of the auxiliary 
electrode minimizes the diversion of RF power from 
inductive coupling to capacitive coupling, thereby 
avoiding an undue loss of plasma ion density during 
wafer processing after plasma ignition. 

In onjer to limit capacitive coupling from the aux- 
iliary electrode 180, in the preferred embodiment the 
electrode 1 80 is implemented as four arms 1 84 (FIG. 
4) where the width of each arm 184 is less than 5% 
of the circumference of the bottom of the dome 100 
so that the area of the auxiliary electrode 1 80 is not 
mora than 10% of the area of th induction coil 140. 



In the embodiment illustrated, th arms 184 have a 
constant width. In an alternative embodiment, the 
width of each arm 184 may increase from a minimum 
width near th connection cent r 182 at the apex of 

5 the dome 1 00 to a maximum width at the end 1 84a of 
each arm 184. The electrical equivalent circuit is illu- 
strated in FIG. 5. In th following working xamples, 
the vacuum chamber dome was a half-sphere about 
30 cm in diameter, the connection center 182 had a 

10 diameterofabout7.6cmandeacharm 184wasabout 
1 5 cm long with a constant width of about 5 cm. 

In order to avoid shorting the RF field out to the 
auxiliary electrode 180, the auxiliary electrode is 
configured so as to not provide a closed conducting 

15 path in the direction of the circumference of the induc- 
tion coil 140. Specifically, FIG. 4 shows that the aux- 
iliary electrode 180 has a small circular connection 
center 1 82 at its top on the apex of the dome 1 00, with 
the four narrow arms 184 connected to and symmet- 

20 rically extending out from the connection center 182 
and under the induction coil windings. Since the cir- 
cular connection center 182 itself presents a closed 
conductive path, it is placed atthe dome apex, where 
there is an opening 185 in the induction coil 140, so 

26 that the circular connection center 1 82 is not between 
any Induction coil windings and the vacuum chamber. 
Only the arms 184 extend between the induction coil 
windings and the vacuum chamber. The spaces sep- 
arating adjacent arms 184 prevent a closed conduct- 

30 ing path around the circumference of the induction 
coil 140 (to avoid shorting the RF field from the coil, 
as mentioned above). 

WORKING EXAMPLE 1 

35 

In one experimental implementation of the pres- 
ent invention, the vacuum chamber had a volume on 
the order of about 35 liters. Argon gas flow rate into 
the chamber was 5 standard cubic centimeters per 

40 minute (SCCM's) and the chamber pressure was 0.06 
Pa (0.5 millitorr) during processing. 225 Watts at 400 
l<Hz was supplied by the RF power source 150 to the 
induction coil 140 while 225 Watts at 13 MHz was ap- 
plied by the bias RF power source 135 to the wafer 

45 pedestal 1 20 during processing. FIG. 6 illustrates the 
minimum chamber pressure for plasma ignition as a 
function of RF power in accordance with data ob- 
tained from the experimental implementation of the 
invention with a greater chamber pressure at ignition 

50 than the desired processing pressure and with the 
wafer pedestal grounded during plasma ignition by 
turning off the power supply 135. The dashed line in- 
dicates the data points obtained with the auxiliary 
electrode 180 connected to the induction coil 140, 

55 clearly demonstrating that plasma ignition may be ob- 
tained at pressures between 2.66 and 4,00 Pa (20 
and 30 millitorr). In contrast, the data point In the up- 
p r right corner of the graph of FIG. 6 d monstrates 
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that, without the auxiliary electrode and for th same 
plasma r actor, a vacuum chamber pressur exceed- 
ing 13.33 Pa (100 millitorr) is required for plasma ig- 
nition at th same RF power level (400 Watts) at 
which plasma ignition was obtained vwth the auxiliary 
el ctrod at only 3.07 Pa (23 millitorr). This indicates 
thatthe invention reduces the r quir dchamb rpr s- 
sure for plasma ignition by at least a factor of five. 

WORKING EXAMPLE 2 

Using the same experimental Implementation of 
the invention, plasma ignition was carried out without 
increasing chamber pressure above the desired proc- 
essing pressure (i.e., 0.06 Pa (0.5 millitorr)) by apply- 
ing th same RF power to the induction coil (i.e., 225 
Watts at 400 kHz) and wafer pedestal (i.e., 225 Watts 
at 13 MHz) during plasma ignition as is used during 
wafer processing. The provision, in this second exam- 
pi , of RF power on the wafer pedestal enabled plas- 
ma ignition to be accomplished at a lower chamber 
pressure than in the previous example. However, as 
noted above, applying RF power to the wafer pedestal 
during ignition risks generating spikes in the wafer DC 
pot ntial. although such a risk may be acceptable in 
c rtain applicattons. 

in the present example, we found thatthe DC vol- 
tag on the wafer was, on the average, 20% greater 
with the auxiliary electrode than without, Indicating 
an increase in capacitive coupling of RF power to the 
plasma, from w^ich a decrease in etoh rate is to be 
xpected. Indeed, a 10% decrease in the average 
tch rate was observed with introduction of the aux- 
iliary electrode. Two countervailing factors enter into 
this decrease in etch rate: (1 ) the decrease in the ratio 
of inductive coupled power to capacitively coupled 
power, tending to decrease plasma ion density (and 
therefore tending to decrease etch rate) and (2) an in- 
crease in ion energy due to increased DC bias voltage 
on the wafer caused by increased capacitive coupling 
(t nding to increase the etch rate, assuming all other 
factors are unchanged). Obviously, the dominating 
factor was the decrease in plasma ion density, judg- 
ing from the observed decrease in etch rate. 

The actual results of this experiment may be 
summarized as follows: With the auxiliary electrode 
and coil connected to 225 Watts of RF power at 400 
kHz, as menttoned above, the average DC bias vol- 
tage on the vrafsr was about 327 volts, average etch 
rate was about 32.6 nm per minute (326 angstroms 
per minute) and the etch rata unifonmity across the 
wafer was about 1.66. With the auxiliary electrode 
disconnected, the average DC bias voltage on the wa- 
fer was about 284 volts, the etch rate was about 34.2 
nm per minute (342 angstroms per minute) and the 
etch rate uniformity across the wafer was about 
2.075. 

We feel that the foregoing experiments show d 



that the advantage of the inv ntion, namely a five-fold 
reduction in required chamber pressur during plas- 
ma ignition, far outweighed the fractional loss in etch 
rate (i.e., 10%) occasion d by the introductton of th 

5 auxiliary electrode. 

Preferably, the windings of the induction coil 140 
are sufficiently spaced from the xlernal surfece of 
the dom 100 to accommodate the auxiliary elec- 
trode 180 between the induction coil 140 and the 

10 dome. While FIG. 3 indicates that the induction coil is 
dome-shaped, the invention may be implemented 
with a cylindrical shaped coil. Since the auxiliary elec- 
trode 180 of FIG. 3 may constitute a relatively thin 
conductive film on the external surface of the ceiling 

15 1 00, the space between the induction coil 1 40 and the 
ceiling 1 00 may be relatively small. The space or gap 
195 between the induction coil and the connection 
center 182 is sufficient to avoid arcing therebetween. 
The thin conductive film constituting the auxiliary 

20 electrode 180 may be either a thin deposited metal 
layer or may be metal foil (such as aluminum foil) 
bonded to the exterior of the ceiling 100. The latter al- 
ternative (aluminum foil) was employed in the forego- 
ing worthing examples. 

25 While the invention has been described with ref- 
erence to a preferred embodiment in which the va- 
cuum chamber has a dome, the invention can be im- 
plemented with the cylindrically-shaped vacuum 
chamber and induction coil of FIG. 1. In this case, the 

30 connection center 82 can be located in the center of 
the top I id and the arms 1 84 preferably extend radially 
outwardly to the edge periphery of the lid 30 and then 
vertically downward along the side edges of the cyl- 
indrical chamber wall 20 between the cylindrical 

35 chamber wall 20 and the cylindrically-wound induc- 
tion coil 140, as shown in FIG. 7. 

While the invention has been described in detail 
by specific reference to preferred embodiments, it is 
understood that variations and modifications thereof 

40 may be made without departing from the true spirit 
and scope of the invention. 



Claims 

45 

1. A plasma reactor for carrying out plasma proc- 
essing of a semiconductor substrate, comprising: 
a vacuum chamber (100, 110; 20, 30) in- 
cluding means (1 70) for introducing a gas into the 
so interior thereof; 

an induction coil (140) encircling a region 
of said vacuum chamber, said coil (140) being 
connected across an RF power source (150); and 
an auxiliary electrode (180) adjacent said 
55 region and connected to said RF power source 
(150) for capacitively coupling RF power to said 
gas in said vacuum chamber (100, 110; 20, 30), 
said auxiliary lectrode (180) having a surfac 
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ar a facing said region which is large enough to 
provide capacitive coupling of RF power to said 
gas in said vacuum channber sufficient to facili- 
tate igniting a plasma, but which is small enough 
so that, during st ady-stat maintenance of the s 
plasma, most of the RF power coupled to th 
plasma from said RF pow r source (150) is cou- 
pled Inductively rather than capacitively. 

2. The plasma reactor of claim 1 , 
wherein a first portion (184) of said auxiliary elec- 
trode (180) lies between said induction coil (140) 
and said vacuum chamber, said first portion (184) 
having at least an aperture therein to prevent a 
closed conductive path around said Inductive coll 
(140). 

3. The plasma reactor of claim 1 or 2, 
wherein said coil (140) comprises a first terminal 
(1 40b) connected to an energized terminal of said 20 
RF power source (150) and a second terminal 
(140a) which is grounded, and wherein said aux- 
iliary electrode (1 80) further comprises a second 
portion (182) connected to said induction coll 
(140) between said first and second terminals 25 
(140b, 140a). 

4. The plasma reactor of claim 3, 

wherein said second portion of said auxiliary 
electrode comprises a center connection region 30 
(182); and 

said first portion of said auxiliary elec- 
trode comprises plural arms (184) separated by 
apertures therebetween and radiating outwardly 
from said center connection region (182) and 35 
across said Induction coil (140). 

5. The plasma reactor of claim 4, 

wherein said center connection region (182) is a 
closed circular conductive disk, said inductive 40 
coil (140) having an opening (185) therethrough 
near the center thereof, said center connection 
region (182) being In registration with said open- 
ing (185) of said induction coil (140) so as to avoid 
being between said induction coil and the interior 4S 
of said vacuum chamber. 

6. The plasma reactor of claim 5, 

wherein said vacuum chamber (100, 110; 20, 30) 
comprises a sealed container having a circular so 
cross-sectional shape and a top centered at an 
axis of symmetry of said circular cross-sectional 
shape, said induction coil (140) being wound 
around said sealed container so that said open 
section (185) of said Induction coll (140) coin- S5 
cides with said top of said sealed container, and 
wherein said center connection region (182) of 
said auxiliary electrode (180) is on said top and 



centered at said axis of symmetry. 

7. The plasma reactor of claim 6, 

wherein said auxiliary el ctrod (180) comprises 
a thin film deposited on an exterior surfece of 
said sealed container. 



10. The plasma reactor of claim 8, 

wherein said induction coil (140) is wound around 
a lower portion of said dome (100) so as to leave 
said opening (185) therethrough centered at said 
apex of said dome (100). 

11. The plasma reactor of daim 10, 

wherein said induction coil (140) is spaced fnom 
said dome (100) to accommodate said second 
portion of said auxiliary electrode (180) there- 
between. 

12. The plasma reactor of any of claims 1 to 11, 
further comprising a capacitor (190) having one 
side thereof connected to said auxiliary electrode 
(180). 

13. The plasma reactor of claim 12, 

wherein an opposite side of said capacitor (190) 
is connected to a ground terminal of said RF pow- 
er source (150). 

14. The plasma reactor of any of claims 1 to 13, 
further comprising: 

a wafer pedestal (35; 120) in the interior of 
said vacuum chamber (20, 30; 100, 110) for sup- 
porting said semiconductor substrate (130) 
thereon; and 

means (135) for applying a selected elec- 
trical potential to said wafer pedestal (35; 120). 

15. The plasma reactor of claim 14, 

wherein said means for applying comprises 
means for applying a ground potential to said wa- 
fer pedestal (35; 120) during plasma Ignition. 

16. The plasma reactor of claim 14, 

wherein said means for applying comprises 
means for applying an RF bias power source 



8. The plasma reactor of daim 6, 

wherein said sealed container comprises a dome 
10 (1 00) and wherein said top comprises an apex of 
said dome (100), and wherein anms (184) of said 
auxiliary electrode (180) extend downwardly 
from said apex. 

f5 9. The plasma reactor of claim 8, 

wherein each of said arms (184) has a width less 
than 5% of the circumference of the base of said 
dome (100). 
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(135) to said waf r pedestal (35; 1 20) during plas- 
ma Ignition. 

1 7. Th plasma reactor of any of daims 1 to 1 6, 
wher in said surface area of said auxiliary elec- 
trode (180) is not more than 10% of that of said 
Induction coll (140). 

18. The plasma reactor of claim 6, 

wherein said vacuum chamber (20, 30) has a cyl- 
indrical shape and said induction coil (140) is 
wound in a cylinder around at least a portion (20) 
of said vacuum dhamber. 

19. The plasma reactor of any of claims 1 to 18, 
wherein the surtece area of said auxiliary elec- 
trode (180) is sufficiently small to limit capacltive 
coupling to an amount suff icient for plasma igni- 
tion at a selected pressure in said vacuum cham- 
ber at a selected RF power level of said RF power 
source (150). 

20. The plasma reactor of claim 19, 

wherein at least one of said selected RF power 
level and said selected pressure is substantially 
less than that required for plasma ignition in an 
absence of said auxiliary electrode (180). 

21. The plasma reactor of claim 19, 

wherein at least one of said selected RF power 
level and said selected pressure is not substan- 
tially greater than that employed during plasma 
processing of said wafer (1 30). 

22. The plasma reactor of claim 21 , 

wherein said selected pressure is in a range be- 
tween 0.06 and 6.66 Pa (0.5 and 50 mllHTon). 

23. The plasma reactor of claim 22, 

wherein said selected power level is on the order 
of 225 Watts. 

24w A plasma reactor for carrying out plasma proc- 
essing of a semiconductor substrate, comprising: 

a vacuum chamber (20, 30; 100, 110) in- 
cluding means (1 70) for introducing a gas into the 
interior thereof; 

an induction coil (140) sunvunding a por- 
tion of said vacuum chamber, said coil (140) be- 
ing connected across an RF power source (150); 
and 

an RF powered auxiliary electrode (180) 
focing said interior of said vacuum chamber so as 
to capacitively coupled RF power to the gas in 
said interior of said vacuum chamber, said auxil- 
iary electrode (180) being limited in area to limit 
capacltive coupling therefrom to said gas to an 
amount sufficient for plasma ignition at a select- 



ed pressure in said chamber. 

25. The plasma reactor of daim 24, 

wherein said auxiliary electrode (1 80) is limited in 
5 area in that it covers an area not more than 1 0% 
of that covered by said induction coil (140). 

26. The plasma reactor of daim 24 or 25, 
wherein said selected pressure is on the order of 

10 less than 13.3 Pa (100 milllTorr). 

27. The plasma reactor of daim 24. 

wherein said selected pressure lies in a range be- 
tween on the order of approximately 0.06 and 
IS 4.00 Pa (0.5 milliTorr and 30 milllTorr). 

28. The plasma reactor of any of daims 24 to 27, 
wherein said auxiliary electrode (180) comprises 
a thin first portion (184) lying between said induc- 

20 tion coil (140) and said vacuum chamber, said 
first portion (184) having at least an aperture 
therethrough preventing a closed conducting 
path around said induction coil (140). 

25 29. The plasma reactor of daim 28, 

wherein said induction coll (140) has an opening 
(185) therein in which windings of said induction 
coil (140) are absent, said opening (185) facing 
the interior of said vacuum chamber, and wherein 

30 said auxiliary electrode (160) comprises a sec- 
ond portion (182) from which said first portion 
(184) radiates outwardly, said second portion 
(182) being a dosed surface and being in regis- 
tration with said opening (185) of said Induction 

35 coll (140). 

30. The plasma reactor of claim 29, 

wherein said second portion (182) is connected 
to said RF power source. 

40 

31. The plasma reactor of claim 24, 

wherein said auxiliary electrode (180) is connect- 
ed to said coil (140) so as to t>e energized by the 
same RF power source (1 50) that Is connected to 
45 said induction coil (140). 

32. The plasma reactor of claim 31 , 

further comprising a capacitor (190) having one 
side thereof connected to said auxiliary electrode 

90 (1 80) and an opposite side of said capacitor (1 90) 
connected to a ground terminal of said RF power 
source (150), said capacitor (190) providing, in 
combination with said induction ooil (140), reso- 
nance at a frequency of said RF power source 

55 (150). 

33. The plasma reactor of any of daims 24 to 32 fur- 
ther comprising: 
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a wafer pedestal (35; 120) in the interior of 
said vacuum chamber for supporting said semi- 
conductor substrate (130) th reon; and 

m ans (135) for applying as lected elec- 
trical potential to said wafer pedestal (35; 120). 
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FIG. 7 
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